The simultaneous binding of cationic and anionic guest species by ditopic receptors is a rapidly developing new field for ion pair recognition of environment and biological importance. By taking advantage of calix[4]arene framework, a few neutral bifunctional receptors 1-4 were developed and showed the enhanced binding constants of hydrophilic anions in the presence of cations in organic media. As a consequence of their upper and lower rim of topologies the calixarenes are attractive host molecules to modify and so create unique geometries for the multifunctional receptors. The combination of two binding sites, urea for anions and two podand groups for cations, yields receptor that is capable of binding anions and alkali metal cations simultaneously. In addition to ion binding ability, two quinone moieties are introduced for the redox switchable receptors. [5][6][7] We report here the synthesis of a new bifunctional receptor calix[4]-diquinone 4 containing two urea moieties and two podand groups and the simultaneous binding properties of cation and anion guests were studied.
Results and Discussion
By taking advantage of a selective 1,3-alkylation, dialkylated urea derivative 3 was prepared by the reaction of p-tbutylcalix [4] arene 1 and 2-[(2-(N'-phenylureido)ethoxy)-ethanol p-toluenesulfonate 2 in the presence of K 2 CO 3 . 8 In order to introduce the long urea podand chain into calixarene effectively, 2 was prepared separately from the tosylation of 2-[(2-(N'-phenylureido)ethoxy)]ethanol which was then synthesized by the reaction of 2-(2-aminoethoxy)ethanol with phenylisocyanate (Scheme 1). In order to increase the cooperative binding properties, cone conformers of receptor 4 are desired and under the condition applied the high yield cone products were obtained. Bifunctional urea derivative calix [4] diquinone 4 was prepared from the oxidation of 3 with TTFA (thallium trifluoroacetate) in TFA (trifluoroacetic acid).
The 1 H NMR spectrum of 3 shows a pair of doublets at δ 4.39 and 3.39 for the bridged methylene protons, two singlets at δ 0.98 and 1.31 for t-butyl protons, a singlet at δ 8.01 for OH protons and a singlet and a triplet at δ 7.10 and 6.52 for N-H protons, indicating that 3 exists as a cone conformation. The cone conformation was confirmed by the 13 C NMR spectrum. 9 The 1 H NMR spectrum of bifunctional calix [4] diquinone urea derivative 4 shows a pair of doublets at δ 3.21 and 4.01 for the bridged methylene protons, a singlet at δ 1.08 for t-butyl protons, a broad singlet and a triplet at δ 6.38 and 7.88 for N-H protons.
The anion binding properties were examined by 1 H NMR titration experiments in CDCl 3 . Substantial down field shift of urea NH signal was observed when tetrabutylammonium acetate, dihydrogen phosphate, hydrogen sulfate, chloride and bromide salts were added, indicating that anion binding is taking place at the urea vicinity. Figure 1 NMR spectra of 4 in the presence sodium and chloride ions. When sodium ions were added, two N-H protons signals at δ 6.38 and 7.88 was not changed much, but a slight upfield shift of two aromatic sinlgets at δ 6.80 and 6.71 and a widening move of a pair of doublets at δ 3.21 and 4.01 for the bridge methylene protons were observed, indicating that sodium ions could be bound at the podand oxygen ether sites 3 and fixed the conformation of calixarene. Further addition of sodium ions did not change the spectrum, indicating that an 1:1 complex with sodium and 4 could be formed. On the other hand, when chloride ions were added, a large downfield shift of N-H protons were observed without changing aromatic signals as shown in spectrum (c) in Figure 1 . In order to investigate the binding enhancement of anions in the presence of alkali metal cations, anion titrations were conducted in the presence of sodium ion. Obviously a further downfield shift of N-H proton signals were observed when sodium ions were bound as shown in spectrum (d) in Figure 1 . Stability constants (Table 1) were calculated from the titration results using EQNMR 10 for complexation with anions. A significant increase in the strength of anion binding is observed when sodium metal ions are bound simultaneously. Chloride binding strength increase more than 20 fold and bromide binding seven fold in the presence of sodium ion. This positive cooperative binding of the chloride and bromide in the presence of sodium could be attributed through electrostatic effects of the complexed sodium ions. The electrochemical property of 4 was investigated using cyclic voltammetry. The most significant result was observed with H2PO4
− anion. The addition of dihydrogen phosphate anion causes a 27 mV cathodic shift.
In conclusion, bifunctional receptor 4 can bind alkali metal cations and halide anions simultaneously with positive cooperativity. This compound has a potential for practical application, and is currently being investigated.
Experimental Section

5,11,17,23-Tetra-tert-butyl-25,27-bis(cyanopropyloxy)-26,28-dihydroxycalix[4]arene (1)
. was prepared by the known procedure.
11 mp ≥ 300 o C.
2-[2-(N'-Phenylureido)ethoxy]ethanol p-toluenesulfonate (2).
To a solution of 2.0 g (8.9 mmol) of 2-[2-(N'-phenylureido)ethoxy]ethanol in 100 mL CH 2 Cl 2 , 5.1 g (26.7 mmol) of p-toluenesulfonyl chloride was added. After the reaction flask was immersed into an ice-water bath, 3.7 mL of triethylamine was added slowly and stirred for 12 h at room temperature. Evaporation and extraction with ether provided crude products which was purified by column chromatography (eluent, CHCl 3 : acetone = 10 : 1) to yield 1.85 g (55%) of 2. 
